"process energy" under 10 CFR 433.2, since the mission-critical function of that part of the building meets the regulatory definition of process load; it is sufficiently related to FAA's safety mission, and cannot be designed for energy efficiency improvements without jeopardizing FAA's mission of safe conduct of aircraft. FAA maintains separate programs, outside of the design and construction program, to improve the operations of the traffic control room and its energy efficiency.
The methodology used for this analysis included the development of an ASHRAE 90.1-2007, Appendix G-compliant baseline model, and an energy efficient scenario using ASHRAE's Advanced Energy Design Guide (AEDG) for Small to Medium Office Buildings. The energy analysis resulted in almost 35% energy savings for the whole building with one-third of the energy associated with heating, cooling, and ventilation systems, one-third associated with humidification systems, and one-third associated with lighting (Table 1) .  Lighting: Add daylighting sensors and controls in perimeter spaces, reduce the office LPD to 0.75 W/ ft 2 using energy efficient lighting systems, and reduce the Control Tower stairwell LPD to 0.3 W/ ft 2 through the use of a bi-level fixture.
 Humidification: Include humidification systems that use a differential dry bulb air economizer. For areas where minimum humidity needs to be maintained the system would include a low humidity economizer lockout to prevent mixed-air humidity ratios below 0.0056 lb/lb.
 Hot water: Install low flow faucets to decrease hot water demand and use a condensing hot water heater with 90 percent efficiency.
 Heating, Cooling, and Ventilation: In general, increased insulation, improved fenestration (where feasible), higher efficiency heating and cooling equipment, variable flow pumps, and variable air volume fans selected for a building's specific climate zone, should offer significant energy savings over the baseline model. The selected systems will be different based on climate zone. It is recommended the design teams refer to the AEDG for Small to Medium Office Buildings to identify appropriate alternatives for the specific location.
FAA can meet the Environmental Tobacco Smoke Control requirement by referencing FAA Order 3900.47, "Smoking Restrictions in FAA Controlled or Occupied Space," which prohibits smoking in all buildings controlled or occupied by FAA. This policy must be negotiated with each national union. Where those negotiations allow smoking, the union negotiation language should be provided as part of the Guiding Principles documentation.
FAA can meet the Reduce Environmental Impacts of Materials requirement by developing and using an FAA-wide acquisition guidance document that includes information on the relevant Federal requirements, external materials information resources, and project submittal requirements. These documents are sufficient evidence to demonstrate conformance with this Guiding Principles requirement. (ASHRAE, 2007) was developed for the purpose of this analysis, and potential energy savings were analyzed through the application in the model of several energy efficiency measures (EEMs). This document provides a summary of the energy model baseline, an EEM model, and an explanation of EEMs various to different climate zones. Finally, the study provides recommendations addressing FAA's specific questions relative to the materials acquisition and indoor environmental quality Guiding Principles requirements.
Acronyms and Abbreviations

Regulatory Drivers
New Federal construction and major renovations must comply with the Guiding Principles and 10 CFR 433. The Guiding Principles are organized around five primary directives: 
(c) If a 30 percent reduction is not life-cycle cost-effective, the design of the proposed building shall be modified so as to achieve an energy consumption level at or better than the maximum level of energy efficiency that is life-cycle cost-effective, but at a minimum complies with paragraph (a) of this section.
Prior to the release of this document, but after the analysis was completed, an updated version of the energy efficiency performance standard was released that references ASHRAE 90.1-2010 as the baseline. This update was not incorporated into the analysis as it does not directly affect the Guiding Principles requirement.
The Federal regulation offers modeling parameters that can be used for buildings with unique, mission-critical loads, such as particularized loads that are operational in the Air Traffic Control Tower building type. These regulatory parameters are instructive in interpreting the requirement for purposes of determining compliance with the Guiding Principles energy efficiency requirement.
The Enhance Indoor Environmental Quality Guiding Principles requirement for which FAA requested assistance relates to their union contracts allowing smoking in the buildings:
Environmental Tobacco Smoke Control. Implement a policy and post signage indicating that smoking is prohibited within the building and within 25 feet of all building entrances, operable windows, and building ventilation intakes during building occupancy.
FAA's request for guidance on applying the "Reduce Environmental Impacts of Materials" requirements relates to how the agency should incorporate the solicitation language and/or guidance of building materials acquisition into design specifications sufficient to meet the relevant Guiding Principles requirement: 
Building Description
The building design used as the basis of the energy modeling analysis was the Boise Air Traffic Control Tower buildings. This building offered the greatest amount of existing data relative to other designs, including a previous analysis providing energy efficiency recommendations and an initial energy model (Arends & Sandusky, 2010) , as well as design drawings. Based on that available data and initial model, this analysis includes 9000 ft 2 of Tower space, and 525 ft 2 of windowed Tower Cab space with a full view of the airfield. In addition to the Tower, the building footprint includes a single-story base support building, referred to as the Base Station, which provides 11,000 ft 2 of office space. The Base Station also includes the air traffic control room, an energy intense operational space characterized by powerful computers critical to managing the Terminal Radar Approach Control (TRACON).
For the purposes of the energy modeling of the Air Traffic Control Tower, [FEMP/PNNL] analysts determined that there are limited opportunities to improve the energy efficiency of the specialized computer systems and equipment needed in the TRACON, such that those energy loads meet the definition of process loads under 10 CFR 433.2, particularly in light of the jeopardy to life safety that would result from modifications to that specialized equipment.
1 Accordingly, the process loads associated with that room were removed from the energy modeling analysis.
FAA is committed to improving the energy efficiency of the TRACON while maintaining or improving the ability of its employees and systems to maintain safe air travel. Notably, TRACON design improvements are managed separately from the building design improvements to ensure that those systems are kept fail-safe. The specialty nature of the TRACON is so significant that it comprises more than half the energy used by the combined building components of the Air Traffic Control Tower.
In consideration of all of the foregoing facts, the energy use of the TRACON was judged to meet the process load exemption under 10 CFR 433.4, which supports a correlative exemption of that process load under the Guiding Principle for energy efficiency. The energy use of the entire Air Traffic Control Tower buildings with the TRACON function was modeled and the intense computing aspects of the space were removed from the analysis throughout the remainder of the document (Table 2) . The EnergyPlus modeling tool, developed by DOE, offers more detailed energy modeling and analysis than eQUEST. Although EnergyPlus is a very useful tool, especially when integrated short period analysis is needed, it typically requires a greater level of energy modeling expertise and modeling time. The detailed level of analysis provided by EnergyPlus 2 was not needed to answer the questions regarding meeting the Guiding Principles Energy Efficiency and 10 CFR 433 requirements for this project.
Energy Efficiency Measures
eQUEST models were developed to address the Guiding Principles Energy Efficiency and 10 CFR 433 requirement of a 30% energy use reduction compared to an ASHRAE 90.1-2007 baseline for FAA Air Traffic Control Tower buildings without the TRACON function located in Boise, Idaho (Climate Zone 6). The baseline model is a minimum compliant building design. The comparison model includes energy efficiency measures identified in the ASHRAE Advanced Energy Design Guide (AEDG) for Small to Medium Office Buildings (ASHRAE, 2011) and industry best practices. In this section the energy modeling analysis is summarized by the following end uses: heating, cooling and ventilation; humidification; hot water; and lighting.
Heating, Cooling, Ventilation, and Envelope
The construction assembly has been kept consistent between the baseline and proposed model. The AEDG for Small and Medium Offices (ASHRAE, Advanced Energy Design Guide for Small to Medium Office Buildings, 2011) was used to identify the proposed energy efficiency envelope measures for Climate Zone 6 (Table 3 ). Insulation levels have been increased for the wall, roof and floor construction. Window properties have been modified for the Base Station, but not for the Tower Cab. Energy savings associated with the envelope changes are incorporated into the heating, cooling, and ventilation savings. The baseline energy model is defined by ASHRAE 90.1-2007 Appendix G (3.1.1 Exception b) and includes: a water cooled chiller with minimum efficiency requirements and gas fired boiler for the offices and Packaged Single Zone (PSZ) systems with direct expansion cooling and gas furnaces for the Control Tower. ASHRAE requires spaces with peak thermal loads differing by over 10 Btu/hr ft 2 or with schedules that differ by over 40 equivalent full load hours per week use baseline PSZ systems type 3 or 4. The PSZ systems have constant volume fans operating almost continuously and variable air volume (VAV) fans for the chilled water system. The baseline design also includes constant speed pumps.
The energy efficient design scenario uses a high efficiency air cooled chiller with improved part load performance and a condensing gas boiler with 96 percent efficiency. VAV fans with static pressure reset are used for the office spaces. The model also included improvements in the ductwork, such as motorized outdoor air dampers and duct sealant, which provided for fan energy savings. Table 4 provides a comparison of the baseline and energy efficiency scenario technologies. Reducing the energy used for the heating, cooling, and distribution systems by 27 percent results in a 13 percent impact on the whole building energy use (Table 5 ). 
Humidification
Humidification is required for the operation of the TRACON. The baseline system included electric humidifiers with a 60 percent maximum humidity limit and 30 percent minimum humidity limit. The baseline system has an air economizer with a dry-bulb high limit shut off of 75 degrees Fahrenheit. This results in a high outdoor air intake and thus requires larger humidification system energy use.
The proposed humidification system uses a differential dry bulb air economizer. A low humidity economizer lockout to prevent mixed air humidity ratios below 0.0056 lb/lb is included, which provides economizer controls to prevent excessive humidification.
Reducing the energy used for the building and data center humidification system by 63 percent results in a nearly 11 percent impact on the whole building energy use (Table 6 ). A previous energy efficiency study recommended the use of ultrasonic humidifiers. Ultrasonic humidifiers are expected to have lower maintenance costs, but typically a higher first cost. The report described the technology in the following manner:
"Ultrasonic humidifiers use a piezo-electric transducer to create a high-frequency mechanical oscillation in a body of water. The water tries to follow the high frequency oscillation but cannot because of its comparative weight and mass inertia. Thus, a momentary vacuum is created on the negative oscillation, causing the water to cavitate into vapor. The transducer follows with a positive oscillation that creates high pressure compression waves on the water's surface, releasing tiny droplets of water into the air. This mist is extremely fine, with droplets about 1 micron in diameter, which are quickly absorbed into the air flow." (Arends & Sandusky, 2010) Whether either of these proposed systems are used, there is significant energy savings potential with the humidification system.
Hot Water
The ASHRAE 90.1-2007 baseline hot water system is a natural gas fired water heater with a 50 gallon storage capacity. The energy efficiency scenario included a condensing hot water heater with 90 percent efficiency and assumed a 10% decrease in hot water demand through the use of low flow faucets. By reducing the energy used for hot water systems by almost 24 percent there is less than a one percent impact on the whole building energy use (Table 7) . 
Lighting
The primary internal loads in a building are lighting, equipment and occupancy. The equipment is not regulated by ASHRAE 90.1-2007 and the equipment energy use is not changed in the energy model. Occupancy assumptions are not altered either. Additional energy efficient lighting and daylighting sensors are supposed in the office spaces and Tower stairway. Table 8 The model does assume one specific technology for use in the Tower stairway: bi-level stairway lighting. A bi-level fixture has dual lighting levels so that when a space is occupied, the fixtures provide lighting at the full level, however, when the space is unoccupied these fixtures switch to stand-by mode and provide lighting at a minimum, but safe level. Use of energy efficient lighting and daylight sensors has a multi-faceted impact of energy use by reducing lighting energy consumption, reducing cooling load, and increasing heating load. By reducing the energy used by lighting systems by 49 percent there is an almost 11 percent energy savings impact for the whole building (Table 9 ). 
Other Potential Energy Efficiency Measures
In addition to the energy efficiency measures modeled to meet the Guiding Principles and the regulatory energy efficiency requirements, the energy modeling team suggests FAA consider the following measures in future designs: Control Tower Stairway: For the stairway in the tower structure, rather than unit ventilators with variable speed fans, savings may be achieved at a lower cost with fan coil units that cycle on and off to meet thermal loads. Ventilation would be met by a single dedicated outdoor air system (DOAS) that serves all floors of the tower. The DOAS would be active only when the tower was actually occupied.
Service Water Heat Recovery: Two additional options are available to offer water heating savings. Air-source water heaters can be installed inside each data equipment room that could extract heat from the air in those rooms. An alternative approach would be to use water-to-water heat pumps for water heating, with recovered heat from a chilled water return. This approach is likely to have a higher first cost.
Data Center (Process) Energy: Although the TRACON data center energy use was not included in the energy analysis and is not the responsibility of FAA facility design team, there are many proven strategies that may be useful for the broader FAA to consider. EPA's ENERGY STAR Program offers proven tips in the categories of information technology opportunities, airflow management, and HVAC adjustments.
1 The DOE Advanced Manufacturing Office has a program focused on reducing Data Center energy use in response to addressing Executive Order 13514 mandate for Federal agencies to implement green data center strategies.
2 Coordination with the TRACON data center energy efficiency team will be necessary to optimize the design of systems that can cost effectively be integrated with the building design. One example is with the data center humidification setpoints. Savings can be achieved by reducing the humidification setpoint from 30% to 20% in the data equipment areas. 20% is within the allowed range in ASHRAE standards, and is more appropriate for more rugged modern data equipment. If the humidity setpoint is lowered, the low humidity lockout for the economizer should be lowered as well, increasing the economizer effectiveness. Alternatively, a more efficient ultrasonic humidifier could be used.
Energy Efficiency Measures by Climate Zone
The design features selected for any given model building design necessarily vary by climate zone. For the purposes of this analysis, the energy modeling team used Boise, Idaho in Climate Zone 6 to derive the appropriate energy savings calculations (ASHRAE, 2011) . FAA should adapt the eQUEST baseline and energy efficiency scenario models prepared for the Boise Air Traffic Control Tower buildings to accommodate differences in the building layout and to address design differences due to location of other planned towers in different climate zones.
The Lighting, Humidification, and Hot Water energy efficiency measures need not vary by location. The impact of the measures may vary across climate zones, but the measures can be effectively deployed in any climate zone. (ASHRAE, 2011, p. 28) The AEDG for Small to Medium Office Buildings provides energy efficiency measure recommendations for eight climate zones to achieve 50% energy savings compared to an ASHRAE 90.1-2004 baseline. Note that the Guiding Principles requirements are compared to an ASHRAE 90.1-2007 baseline, so there is not a one-to-one correlation between the savings in the AEDG and Guiding Principles documentation. The AEDG is a free, downloadable report from the ASHRAE webpage that could be used by the FAA design teams to select specific, proven energy efficient measures by location/climate zone. The guide provides information on integrated design (Chapters 2 and 3), design strategies by climate zone (Chapter 4), and implementation recommendations (Chapter 5). DOE has defined 8 Climate Zones in the United States, shown in Figure 1 . The zones are defined by whether they have hot, mild, cold, humid, dry, and/or marine attributes. Each of the eight climate zones has two pages of energy efficiency measure recommendations that could be considered during the design of future FAA Air Traffic Control Center buildings. The AEDG needs to be consulted for each FAA Air Traffic Control Tower design project for the selection of the most appropriate HVAC and envelope technologies for the Climate Zone. An example of the variability of the values in the AEDG for building envelope can be seen in Table 10 . 
Indoor Environmental Quality and Materials
Environmental Tobacco Smoke Control
The Guiding Principles requirement for Environmental Tobacco Smoke Control prohibits smoking inside the building or within 25 feet of building entrances. FAA can meet this requirement by referencing FAA Order 3900.47, "Smoking Restrictions in FAA Controlled or Occupied Space," which prohibits smoking in all buildings controlled or occupied by FAA (FAA, 1990) . This policy must be negotiated with each national union. Where those negotiations allow smoking in a specific building, FAA should provide the union negotiation language as part of its Guiding Principles documentation. If other standard FAA union documentation exists that addresses FAA compliance with Federal non-smoking requirements, those documents can also be used as Guiding Principles compliance documentation.
Reduce Environmental Impacts of Materials
The building materials related Guiding Principles requirements include specifying the use of recycled content materials, biobased content materials, and environmentally preferable products in construction solicitation language. Several Federal agencies have developed acquisition guidelines that assist in the process of incorporating these requirements into design and construction specifications. The acquisition guidance can be written for different audiences using varying levels of detail. Specific materials information or acquisition guidance can be incorporated directly into the design specifications of a project, or the guidance can be incorporated as direction to the construction contractor and include submittal requirements. An example of an organization's acquisition guidance, which FAA may choose to adopt or adapt, is attached in Appendix B. Generally, the acquisition guidance documentation includes:
 References to the Federal or agency-specific requirements,  Links to DOE, EPA, and USDA websites that keep up-to-date lists of product requirements and offerings,  Lists of specific materials or products that are minimum required purchases for that Agency or for a specific building, and/or  Submittal or compliance documentation requirements for contractors.
Some of the most commonly referenced websites include:
 FEMP Designated Energy Efficient Products: This site provides a list of the related Federal requirements, a tool to identify the energy requirements for different product categories, model acquisition language, training, and additional resources to support compliance with energy efficient product purchases. (URL: https://www1.eere.energy.gov/femp/technologies/procuring_eeproducts.html)  EPA Comprehensive Procurement Guidelines: This site provides useful information on recycled content product requirements and strategies for selecting the best products for the situation. (URL: http://www.epa.gov/epawaste/conserve/tools/cpg/index.htm)
Recommendations
FAA identified three Guiding Principles requirements as areas of concern for FAA Air Traffic Control Tower buildings and those compliance opportunities were evaluated as part of this study. Compared to typical office buildings, the Air Traffic Control Towers are energy intensive structures due to high process loads as well as relatively longer hours of operation. If FAA is able to incorporate the recommendations from this report into future tower designs, it is probable that the agency can meet the Guiding Principles requirements in those towers, regardless of location.
For the Guiding Principles Energy Efficiency requirement, FAA should incorporate the following energy efficiency measures into future FAA Air Traffic Control Tower buildings:
 Lighting: Add daylighting sensors and controls in perimeter spaces, reduce the office LPD to 0.75 W/ ft 2 using energy efficient lighting systems, and reduce the Control Tower stairwell LPD to 0.3 W/ ft 2 through the use of a bi-level fixture.
 Heating, Cooling, and Ventilation: The selected systems will be different based on climate zone. It is recommended the design teams refer to the AEDG for Small to Medium Office Buildings (ASHRAE, 2011) to identify appropriate alternatives for the specific location. In general, increased insulation, improved fenestration (where feasible), higher efficiency heating and cooling equipment, variable flow pumps, and variable air volume fans selected for a building's specific climate zone, should offer significant energy savings over the baseline model.
If FAA includes these EEMs in the design, based on the eQUEST model developed for this project, the Air Traffic Control Towers should realize energy savings that surpass the energy performance design requirement of 30% better than ASHRAE 90.1-2007. Table 11 shows the modeled end use energy savings for the Boise Air Traffic Control Tower. FAA already has incorporated many energy efficient design strategies Air Traffic Control Tower designs. The exclusion of the TRACON function process energy load (per 10 CFR 433 suggested modeling parameters) in the baseline model allows for the documentation of energy savings associated with the building energy use within the control of the FAA design professionals to meet the requirement. To reduce the time usually required to develop an energy model to document Guiding Principles compliance, the eQUEST energy models developed for this project are available for adaptation for future FAA Air Traffic Control Tower building designs.
FAA can meet the Environmental Tobacco Smoke Control requirement by referencing FAA Order 3900.47, "Smoking Restrictions in FAA Controlled or Occupied Space," which prohibits smoking in all buildings controlled or occupied by FAA (FAA, 1990) . FAA also should reference subsequent union negotiation documentation as it applies to a specific building.
To meet the "Reduce Environmental Impacts of Materials" Guiding Principles requirement, FAA should develop an agency-wide acquisition guidance document that can be used with all design and construction projects. The acquisition guidance should include relevant Federal requirements, provide information resources, and detail project submittal requirements that can be used as part of the Guiding Principles documentation. Developing one guidance document for all projects offers consistency across projects with respect to both execution and compliance documentation.
Appendix A: eQUEST Modeling Results
Energy simulations developed for the annual energy savings estimates were modeled using eQUEST version 3.64. The energy model for the Boise Air Traffic Control Tower (Arends & Sandusky, 2010) was modified to create the ASHRAE 90.1-2007 baseline. The design includes a Base Station which holds the TRACON, the control tower which provides the air traffic controller occupied space (Tower Cab). This appendix documents the model assumptions for the baseline and proposed models as well as the energy modeling results.
A.1 ASHRAE 90.1-2007 Baseline Model by End-Use
The table below summarizes the monthly end-use energy consumption for heating, cooling, fans, and lights for the ASHRAE 90.1-2007 baseline model. The major end uses include equipment, lighting and heating. 
A.2 Model Development
The schedules of operation have been developed from the original energy model for the analysis of the existing Boise ATC tower. It assumes twenty-four hours a day, seven days a week occupancy for the control tower and TRACON, due to the mission critical nature of the work. The Base Station is assumed to be occupied 5 days a week, with no occupancy over weekends. The lighting, equipment loads, heating and cooling temperature set point schedule, follow the schedule of occupancy and have been defined in the tables below. It is similar to the buy-recycled program managed by the U.S. EPA under RCRA, and was created in order to issue guidance for establishing affirmative procurement programs for buying Biobased products. As defined by FSRIA, "biobased products" are products determined by the U.S. Secretary of Agriculture to be commercial or industrial goods (other than food or feed) composed in whole or in significant part of biological products, forestry materials, or renewable domestic agricultural materials, including plant, animal, or marine materials. The EO also directs federal sites to conduct water audits of at least 10 percent of facility square footage annually and to conduct audits at least every 10 years. Federal agencies are encouraged to purchase water efficient products and services, including WaterSense® labeled products, and use contractors who are certified through a WaterSense® labeled program, where applicable.
Recycled Content
To achieve our Environmental Stewardship Policy and meet federal requirements, [Federal Agency name] weighs the environmental preferability of the products and services selected in all of its purchasing decisions. Additionally, certain federally designated products must be purchased with specific environmental attributes as required by federal law and EO 13423. The current list of designated products and required attributes are listed on the EPA website (http://www.epa.gov/epawaste/conserve/tools/cpg/products/index.htm) are organized by the following eight categories: 
Energy and Water
[Federal Agency name] requires the purchase of ENERGY STAR® qualified products or products conforming to the Federal Energy Management Program's (FEMP) Energy Efficient Requirements when such a designation is available, life cycle cost effective, and they meet applicable performance standards of ENERGY STAR® or FEMP designated products.
Agency Specific Purchasing Requirements
[Specific environmentally preferable products that must be purchased or exceptions to environmentally preferable products that are specific to the Agency are included here.] 
